I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Obesity is the main determinant of preventable burden of diseases.\[[@ref1]\] It results from excess consumption of calories/energy compared to expenditure thus impacting health. Globally, children in particular are gaining weight, which tracks into adulthood thus increasing the risk of adult diseases such as type 2 diabetes, cardiovascular disease (CVD), hypertension and polycystic ovarian syndrome (PCOS) later in life.\[[@ref2][@ref3]\]

Developing countries more often contain children with diseases at both ends of the spectrum viz. under and over nutrition.\[[@ref4]\] Despite various public health and advocacy programs under-nutrition still persists in India however in the recent years over-nutrition has also emerged as an important public health problem. Also maybe, with increasing awareness the obese children are getting identified earlier. This underscores the importance of screening children for obesity regularly in schools and the role of pediatricians, teachers and parents in identifying these overweight children to take appropriate timely action.\[[@ref5]\]

The aim of this narrative review is to present an overview of the various determinants/risk factors and consequences of childhood obesity and discuss prevention/intervention strategies from an Asian Indian context.

D[ETERMINANTS OF]{.smallcaps} C[HILDOOD]{.smallcaps} O[BESITY]{.smallcaps}-T[HE]{.smallcaps} A[SIAN]{.smallcaps} I[NDIAN]{.smallcaps} C[ONTEXT]{.smallcaps} {#sec1-2}
===========================================================================================================================================================

In the young, psychological and behavioral factors manifesting as unhealthy dietary habits and sedentary behavior are probably the most important determinants of obesity. The potential role of genetic programming in the rising prevalence of childhood obesity epidemic is also being increasingly accepted.

Dietary habits {#sec2-1}
--------------

Childhood obesity is largely influenced by the increased intake of energy-dense foods that are high in fat and sugars but low in proteins, vitamins, minerals and other healthy micronutrients.\[[@ref6]\] Aggarwal *et al*. showed that among obese adolescents in Punjab a significant percentage (82.3%) were non-vegetarians.\[[@ref7]\] They also found that obesity/overweight was found to be significantly higher in those adolescents who regularly ate out and among those who replaced snacks for meals. The variety of convenience foods available in the market and the role of media in sensitizing the parents and children to these changes could have also undoubtedly contributed to childhood obesity.\[[@ref8]\] One of the factors that could significantly affect children\'s energy intake is the increasing availability of energy-dense, high-calorie foods/snacks and drinks in school canteens. Working mothers or single-parent families may also increase the demand for take away foods or increase the frequency of eating out and cause reliance on pre-prepared foods. The higher per capita income also increases the family\'s economic capacity and thus the affordability to buy high calorie foods from restaurants. Goyal *et al*.\[[@ref9]\] reporting on adolescents from Gujarat did not find a difference in the prevalence of overweight and obesity among vegetarians and non-vegetarians but did find a correlation with frequency of eating out as well as with junk food consumption.

A report from America suggested a strong link between sugar-sweetened beverages and prevalence of childhood obesity.\[[@ref10]\] Sugar-sweetened beverages are high in calories but nutrient-poor and this is often coupled with consumption of salty and high fat food choices.\[[@ref11]\] With changing dietary trends due to westernization and globalization there is more frequent consumption of these sweetened beverages even at young ages. This link needs to be further investigated among Indian children and adolescents.

Physical inactivity/sedentary activity {#sec2-2}
--------------------------------------

Physical inactivity trends have been increasing, not just in adults but also among children and adolescents mainly due to the switch to sedentary activities such as watching television and playing computer games.\[[@ref12]\] Studies on prevention of childhood obesity focus primarily on this important issue as these sedentary activities are seen to have a direct correlation to increased body weight.\[[@ref8][@ref13][@ref14]\] The Central Board of Secondary Education (CBSE) 2007 fact sheet\[[@ref15]\] reported that only 30% of adolescents played regularly for at least 1 hour a day. Aggarwal *et al*.\[[@ref7]\] reported that more than half of the adolescents' spent 1-4 hours per day viewing TV or sitting at the computer. Kotian and co-workers\[[@ref16]\] found the prevalence of overweight was higher among adolescents of high socioeconomic strata those who had physical activity of less than 1 hour per day, watched television for 4 hours/day, and ate chocolates daily. Goyal *et al*.\[[@ref9]\] also reported that physical inactivity influenced the children\'s body mass index (BMI) with overweight and obese children being less likely to participate in sports and other outdoor activities. In addition, changing modes of transportation, that is, people prefer driving to cycling or walking even for short distances, and increasing mechanization and use of labor-saving devices at home are also contributing factors.\[[@ref6]\] Finally, the latest influence on childhood obesity has been that of mass media with deliberate, and sometimes unethical, marketing strategies targeted at children. We need to be able to document how this marketing affects our children and what safeguards need to be introduced and at what age.\[[@ref17]\]

Built environment (Home and school) {#sec2-3}
-----------------------------------

The dietary and physical activity behaviors of children and adolescents are influenced by many sections of society, including the family, school, peers, child care setting, medical care provider, faith-based institutions, government agencies, the media, the food and beverage market and the entertainment industry.\[[@ref18]\] All these together form the built environment. Changes in the built environment over the past three decades have upset the energy balance equation. Urbanization and industrialization have immensely contributed to increasing children\'s energy intake and decreasing their energy expenditure thus promoting obesity. The challenge thus lies in formulating policies that address how best to change this built environment in a positive manner in order to maintain children\'s energy balance and prevent excessive weight gain.\[[@ref8][@ref13][@ref14]\]

The reluctance of policy makers to regulate the food environment is a direct consequence of the belief that people\'s food choices reflect their true desires. The reality is that food choices are often automatic and in children they are driven by the effects of mass media, family habits and more by peer pressure. Cohen and Babey in a recent editorial show a clear example of this influence by quoting the example of placement of candy/chocolates at the cash register at any supermarket.\[[@ref19]\] This is widely acknowledged to be a promotional strategy called "impulse marketing." Impulse marketing encourages "spur-of-the-moment," emotion-related purchases that are triggered by seeing a product or a related message. Impulse marketing works by placing goods at prominent locations in the supermarket (Ex: end-of-aisle or at the cash counter). These are seen to account for about 30% of all supermarket sales. The common belief is that those who respond to impulse marketing simply lack self-control and should learn how to resist such marketing strategies. However, anyone who has visited a supermarket will know that most last minute purchasing decisions are made very quickly and automatically without substantial cognitive input. Unfortunately, these decisions are generally more with regards to foods high in fat and sugar rather than choices of healthy foods such as fruits and vegetables or whole grains and pulses that require more thought. Policy makers need to understand the effect of these marketing strategies employed to increase sales, in relation to public health and limit the types of foods that can be displayed in prominent end-of-aisle locations and move foods which could promote chronic diseases, to locations that require some effort to find.

Socio-economic status {#sec2-4}
---------------------

In developed countries, children from the low socio-economic strata are more obese than their affluent counterparts, whereas the opposite is observed in developing countries where children from the upper socio-economic strata are more likely to be obese than children from the lower socio-economic strata.\[[@ref20]\] Marwaha *et al*.\[[@ref21]\] classified children as normal, overweight and obese as per the IOTF guidelines and showed that among the upper socio-economic status (USES) children, prevalence of overweight and obesity was 17% and 5.6% in boys and 19% and 5.7% in girls, respectively, whereas in the lower socio-economic status (LSES) it was 2.7% and 0.4% in boys and 2.1% and 0.5% in girls, respectively. Kaneria *et al*.\[[@ref22]\] made a comparative assessment of overweight and obesity in two different socioeconomic groups of school-age children from Udaipur city (Rajasthan), on the basis of 85^th^ and 95^th^ percentile for BMI. Obesity in the affluent group was 3.7%, but no case of obesity (0%) was observed in the non-affluent group. Unnithan and Syamakumari\[[@ref23]\] have shown that obesity and overweight were more common in boys, while underweight and severe underweight were seen in girls. Not unexpectedly, they also showed that the prevalence of overweight and obesity were higher among urban children, while the percentage of underweight and severe underweight was higher among rural children. However, recent studies have shown that in the government schools, though the prevalence of underweight is higher, overweight is also present in 3-5% of children.\[[@ref9][@ref24]\] This shows that slowly, but steadily, the epidemic of childhood obesity is now spreading to the lower socio-economic groups as well.

Genetic, antenatal and postnatal factors {#sec2-5}
----------------------------------------

The Avon Longitudinal Study showed that the odds of children aged 7 becoming obese if the father, mother or both had obesity were 2.93, 4.66 and 11.75, respectively, showing clearly the dominant influence of parental obesity.\[[@ref25]\] Parental obesity is considered to be a stronger predictor of obesity in adulthood than the child\'s weight status at less than 3 years of age.\[[@ref26]\] Genetic factors influence the susceptibility of a given child to an obesity-conducive environment. Few cases of childhood obesity have been reported due to leptin deficiency or medical causes such as hypothyroidism and growth hormone deficiency or due to the side effects of drugs such as steroids.\[[@ref13]\] However, personal lifestyle choices and the environment influence childhood and adult obesity much more than the above-mentioned conditions. The common antenatal factors and postnatal factors thought to play a role in childhood and adulthood obesity are gestational diabetes mellitus, maternal weight gain during pregnancy, intrauterine growth retardation (IUGR), babies small or large for gestational age, early bottle feeding, infant overnutrition and early adiposity rebound at 5-6 years of age. However, a study from Delhi reported that only 6% of overweight children had low birth weight and found a positive correlation between children with a birth weight of ≥ 3 kg and obesity in their adolescent years.\[[@ref27]\] Systematic reviews have concluded that breastfeeding seems to have a small but consistent, protective effect against obesity in children.\[[@ref14]\] Von Kries *et al*.\[[@ref28]\] showed that the prevalence of obesity in children who were never breastfed was 4.5%, compared to 2.8% in breastfed children. Early menarche has been shown to be associated with a two-fold increase in rate of obesity.\[[@ref29]\]

Although genes are familial, so are environmental patterns, hence it may be difficult to tease out the difference between the two. The "Fetal Origins Hypothesis," commonly known as the "Barker Hypothesis," suggests that antenatal stress or placental insufficiency can "program" metabolic alterations in beta cell function. This increased insulin sensitivity then persists into adult life and promotes the development of metabolic abnormalities including obesity.\[[@ref30][@ref31]\] Intrauterine growth patterns play a significant role in the evolution of obesity by modifying fat and lean body mass, neuroendocrine appetite control mechanisms, and pancreatic functional capacities. Longitudinal studies have identified a strong relationship between birth weight and BMI attained in later life.\[[@ref25]\] Low birth weight babies show a dramatic transition to central adiposity and insulin resistance very early in life.\[[@ref32]\] The combination of lower birth weight and higher BMI during childhood is dangerous as it is associated with an increased risk of CVD in later life.\[[@ref26][@ref31]\] Catch up growth and early adiposity rebound significantly increases the odds of children becoming obese.\[[@ref33]\] The age of adiposity rebound, the point at which body fatness begins to increase usually occurring between 5 and 6 years of age is also an important predictor of adult obesity. Children with an early adiposity rebound have a fivefold greater chance of becoming obese as adults, compared to those with late adiposity rebound.\[[@ref34]\]

C[ONSEQUENCES OF]{.smallcaps} C[HILDHOOD]{.smallcaps} O[BESITY]{.smallcaps} {#sec1-3}
===========================================================================

There are several well-documented consequences of childhood obesity \[[Figure 1](#F1){ref-type="fig"}\] and prominent among them are listed below:

![Childhood obesity-complex condition with multiple causes and consequences](IJEM-18-17-g001){#F1}

Insulin resistance and type 2 diabetes {#sec2-6}
--------------------------------------

Obesity and body fat patterning are important determinants of insulin resistance in children. In the natural history of diabetes, obesity and insulin resistance precede abnormal glucose. Studies have shown that the effect of obesity on insulin action is likely to be mediated by a progressive decline in muscle glycogen synthase activity and glycogenesis.\[[@ref35][@ref36]\] Obesity-induced insulin resistance plays an important role in increasing lipid concentrations in insulin-responsive tissues.\[[@ref37]\] The mechanism by which free fatty acids (FFA) can cause insulin resistance include generation of lipid metabolites (diacylglycerol), proinflammatory cytokines such as TNF-α, IL1β, IL6, MCP1 and cellular stress including oxidative and endoplasmic reticulum stress.\[[@ref38]\] Such individuals are thus prone to develop diabetes.\[[@ref39]\]

The Bogalusa Heart Study has shown that hyperinsulinemia, once established in childhood, tracks through to adulthood, with adverse consequences.\[[@ref40]\] About one-third of overweight or obese urban Asian Indian children have insulin resistance.\[[@ref41]\] Yajnik *et al*.\[[@ref42]\] have shown that Asian Indian neonates and children have higher level of hyperinsulinemia and related metabolic derangements as compared to white Caucasian neonates. Vikram *et al*.\[[@ref43]\] have reported an overall prevalence of fasting hyperinsulinemia in 29% and 64% of normal weight and overweight adolescents, respectively. In postpubertal Asian Indian children, the overall prevalence of fasting hyperinsulinemia was high (27%).\[[@ref42]\] Obesity and insulin resistance lead to the development of type 2 diabetes.\[[@ref44][@ref45]\] Indians are susceptible to diabetes at younger ages and at relatively lower BMIs compared to the white Caucasians.\[[@ref46]\] Data from the New Delhi Birth Cohort\[[@ref47]\] has shown that the pattern of weight gain, particularly rapid weight gain after the age of 2 years, has been shown to be significantly associated with a higher prevalence of the metabolic derangements in young Asian Indians.

There is growing evidence that the prevalence of glucose intolerance in childhood and adolescents is increasing globally.\[[@ref48][@ref49]\] In a recent population-based study conducted in South India, the overall prevalence of glucose intolerance (prediabetes and/or diabetes) was 3.7%, and higher in girls compared to boys (4.2% vs. 3.2%) which increased to 12.7% in girls with abdominal obesity.\[[@ref50]\]

Polycystic ovary syndrome (PCOS) {#sec2-7}
--------------------------------

Obese adolescent girls are more likely to suffer from PCOS-a syndrome of variable combinations of menstrual irregularity, hirsutism or acne, with obesity and insulin resistance.\[[@ref51]\] Obesity may play a pathogenic role in the development of PCOS in susceptible individuals. Early adiposity promotes hyperandrogenemia, and conversely androgen excess may lead to central adiposity and PCOS-related metabolic aberrations.\[[@ref52]\] Other factors such as increased estrogen production rate, increased activity of the opioid system and of the hypothalamic-pituitary-adrenal axis, decreased sex hormone binding globulin synthesis and, possibly, high dietary lipid intake, may be additional mechanisms by which obesity favors the development of hyperandrogenism in PCOS.\[[@ref53]\] A higher prevalence of PCOS has been reported in obese south Asian women residing in the United Kingdom when compared to their obese white Caucasian women counterparts. The south Asian women also present and seek treatment for PCOS at a younger age, have more severe symptoms, and higher fasting insulin concentrations with lower insulin sensitivity than white Caucasian women.\[[@ref54]\]

Cardiovascular disease (CVD) {#sec2-8}
----------------------------

Obesity significantly contributes to morbidity and mortality from CVD. Earlier studies have shown that CVD processes begin early in childhood and are influenced by genetic factors as well as other potentially modifiable risk factors including obesity.\[[@ref55]\] Obesity plays a major role in the pathogenesis of various CV diseases. Obesity is associated with hemodynamic overload by increasing total blood volume, cardiac output, and cardiac workload.\[[@ref56]\] Childhood and adolescent adiposity have strong influences on the structure and function of the heart, predominantly of the left ventricle (LV).\[[@ref49]\] LV afterload is elevated in obese individuals due to both increased peripheral resistance and greater conduit artery stiffness. Right ventricular afterload may be increased, presumably due to associated sleep disordered breathing and LV changes.\[[@ref56]\] In addition, increased levels of leptin, an adipocyte-derivedhormone that controls food intake and energymetabolism, may also be related to CV disease. Studies have reported that obesity in childhood and adolescence is a determinant of a number of cardiovascular risk factors in adulthood.\[[@ref57][@ref58][@ref59]\] Obesity may affect the heart through its influence on risk factors such as dyslipidemia, hypertension, glucose intolerance, inflammatory markers, obstructive sleep apnea/hypoventilation, and the prothrombotic state. A report on rural and urban students from Punjab showed that in those with a normal BMI, the prevalence of hypertension was 4.5%, while in those who were overweight it was 15.3% and in the obese it was 43.1%. In rural areas, 6.8% of the overweight students had sustained hypertension while in obese group it was 61.7%.\[[@ref22]\] Another recent study from our group\[[@ref24]\] showed that the prevalence of hypertension was 20.4% among obese/overweight and 5.2% among non-obese children (Odds Ratio 4.7, 95% CI: 4.2-5.3, *P* \< 0.001).

Obstructive sleep apnea (OSA) {#sec2-9}
-----------------------------

There is evidence to demonstrate that obstructive sleep apnea (OSA) is associated with obesity and is highly prevalent in children and adolescents. It is well established that obesity can result or worsen OSA, via several potential mechanisms. Several studies have reported decreasedupper airway muscle protectiveforce or altered muscle structure due tofatty deposits within the muscle\[[@ref60]\] resulting in increasedcollapsible velopharynx during wakefulnessin obese individuals. This may lead to upper airway obstructionduring sleep. On the other hand, OSA may itself predispose individuals to worsening obesitybecause of sleep deprivation, daytime somnolence, and disrupted metabolism.\[[@ref61]\] The pathophysiologic change of cardiovascular importance in OSA among children includes altered sympathovagal balance, increased oxidative stress, production of inflammatory cytokines, vascular remodeling, and endothelial cell dysfunction.\[[@ref62]\] However, data from Indian children and adolescents is lacking.

Psychosocial problems {#sec2-10}
---------------------

Numerous psychosocial problems have been shown to be strongly associated with obesity in children and adolescents. These include depression, poor self-image, and adjustment difficulties in both the home and social environment (including school). Psychosocial factors work against the child with a weight problem and thus hamper his/her overall growth and development. Overweight and obese adolescents tend to have poor body image and low self-esteem. Among obese children, appearance related teasing is more frequent and is associated with higher weight concerns, more loneliness, poor self-perception of physical appearance, higher preference for sedentary or isolated activities and lower preference for social activities.\[[@ref63]\] Social isolation and stress could interfere with their learning and lead to depression, anxiety, and/or emotional instability.

Childhood obesity and adult mortality {#sec2-11}
-------------------------------------

It is well known that obesity, glucose intolerance, hypertension, and hypercholesterolemia in adult adulthood increase mortality rates. However, not many studies have been conducted to determine whether the presence of these risk factors in childhood predicts premature death. Franks *et al*.\[[@ref64]\] studied a cohort of 4857 American Indian children without diabetes, who were born between 1945 and 1984 and followed them up for an average of 24 years. After standardizing the risk factors according to sex and age, it was seen that 559 individuals (11.5%) died before the age of 55 and there were 166 deaths from endogenous causes (3.4% of the cohort) during a median follow-up period of 23.9 years. The most common causes of death were alcohol-related liver disease and CVD. In this study, childhood obesity turned out to be the strongest predictor of premature death.

P[REVENTION AND]{.smallcaps} I[NTERVENTION]{.smallcaps} S[TRATEGIES IN]{.smallcaps} I[NDIA TO]{.smallcaps} C[OMBAT]{.smallcaps} C[HILDHOOD]{.smallcaps} O[BESITY]{.smallcaps} {#sec1-4}
=============================================================================================================================================================================

There are numerous childhood obesity intervention programs that have been reported from the west\[[@ref65][@ref66][@ref67][@ref68]\] but there are very few from India.\[[@ref69][@ref70][@ref71][@ref72][@ref73]\] Most of these interventions are primarily school based, involving diet, exercise and health education with a few integrating the family or community. The few Indian interventions\[[@ref69][@ref70][@ref71][@ref72][@ref73]\] have been further described here and summarized in [Table 1](#T1){ref-type="table"}.

###### 

Intervention strategies from India to prevent/combat childhood obesity childhood obesity in India.\[[@ref69][@ref70][@ref71][@ref72][@ref73]\]

![](IJEM-18-17-g002)

Kameswararao *et al*.\[[@ref69]\] studied a school-based intervention in North India which consisted of four groups focusing on: Obesity prevention and reduction; prevention of excessive sweet, chocolate and carbohydrate consumption; reducing daily TV watching; and increasing physical activity. School aged children aged 5-18 years (*n* = 610) participated in weekly 2-hour sessions for 6 months. The intervention reported 0.33% reduction in obesity, 27.5% reduction in sweets, chocolates, and carbohydrate-rich food consumption, 17%, reduction in sedentary activities, and 19% reduction in prolonged TV watching. Shah *et al*.\[[@ref70]\] aimed to evaluate the impact of a school-based health and nutritioneducation program on knowledge and behavior on 3128 school children (8-18 years), 2241 parents and 841 teachers from three different cities representing North India. Low baseline knowledge and behavior scores were reported in 75-94% of the government and 48-78% of the private school children, across all age groups. A significant improvement was observed in younger children (aged 8-11 years) compared with those aged 12-18 years; in females compared to males and in government schools compared to private schools (*P* \< 0.05 for all). The same group\[[@ref71]\] also reported the effectiveness of a more focused multi-component intervention model of nutrition and lifestyle education on behavior modification, anthropometry and metabolic risk profile in urban Indian adolescents. Two schools matched for student strength and socioeconomic strata were randomly allocated as intervention and control group. Changes in nutrition-related knowledge, attitude, lifestyle practices, food frequency and body image of eleventh-grade students (15-17 years) were tested in both schools. At 6 months follow-up, significant improvement in several domains of knowledge and lower consumption of aerated drinks and energy-dense unhealthy foods was observed in the intervention school children (*n* = 99) as compared to the control school children (*n* = 102). Another significant observation was that higher proportion of intervened children brought packed lunch and carried fruit to school compared to the control group. Additional measurements in relation to insulin resistance, β-cell function, disposition index, and subclinical inflammation were reported in another paper on the same cohort of adolescents which predictably showed marked improvements in these measures among the intervened children compared to the control group.\[[@ref72]\] A recent study from southern India revealed that a significant increase in the level of knowledge among normal and overweight children can be achieved by a mass education program.\[[@ref73]\]

Since, India is only waking up to this epidemic of childhood obesity, existing gaps in knowledge regarding prevention strategies for this age group should be addressed by conducting qualitative research in order to understand perceptions and barriers about childhood obesity among various stakeholders. This should be followed by implementing evidence-based interventions that can be successful and sustainable in the Indian setting.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

Recent reviews on childhood obesity prevalence in India\[[@ref74][@ref75]\] clearly show that this trend is increasing in India thus making childhood overweight and obesity a significant public health problem. Effective prevention strategies are available for reversing this trend and India should initiate appropriate steps in this regard to put an early stop to the eventual consequences of childhood obesity. Public health interventions that can force implementation of strong policies especially targeting the built environment need to be instigated at the earliest, to effectively tackle this problem in the country. Childhood obesity is indeed a reality in India and the time for action is now!
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